Rate constants have been determined for the reactions of diazodiphenylmethane (DDM) with 3-and 4-pyridineacetic acid, 3-and 4-pyridineacetic acid N-oxide and some meta-and para-substituted phenylacetic acids in twelve alcohols. The determined rate constants, together with literature data, were used for calculation of Hammett ρ values in a series of alcohols. Secondary σ constants have been calculated for substituents in meta and para-position of phenylacetic acids not given in literature, and also σ constants for 3N, 3N-O, 4N and 4N-O in pyridineacetic acids, in alcohols used. The transmission of electronic effects through the phenylacetic acid system and pyridineacetic system is compared with that in benzene and pyridine. The multiple correlation of log k values for reaction of above acids in 12 alcohols with group of suitable solvent parameters was very successful.
INTRODUCTION
In connection with our study of the transmission of substituent effects in meta-and para-position through pyridine ring and benzene ring, we now in this paper extend our previous work 1,2 on the reactivity of meta-and para-substituted phenylacetic acids and 3-and 4-pyridineacetic acid and 3-and 4-pyridineacetic acid N-oxide in the same alcohols. Other autors 3 investigated the reactivity of certain 3-and 4-substituted phenylacetic acids in a similar solvent system. 3 We studied the kinetics of the reactions of para-and meta-substituted phenylacetic acids with substituents: H, Cl, CH 3 , NO 2 , OH, 3-and 4-pyridineacetic acids and 3-and 4-pyridineacetic acids N-oxides in a series of alcohols to elucidate the influence of solvents on the rate, σ constants and also on the reaction constants ρ. Obtained results are compared with the data for the meta-and para-substituted benzoic acids with the same substituents and also for pyridine carboxylic acids. 1,2
RESULTS AND DISCUSSION
The mechanism of the reaction between carboxylic acids and DDM has been throughly studied, [4] [5] [6] [7] and found to involve rate-determining proton transfer from the acids to DDM to form a diphenylmethanediazonium carboxylate ion-pair. 5, 8, 9 Ph 2 CN 2 + RCOOH slow  →   Ph 2 CHN
The rate data for the reaction with DDM in alcohols obtained in the present study together with literature data for investigated acids, are given in Tables I and II. The literature data for substituted benzoic acids used in this work are taken from literature. 1, 2, 5, 10, 11 The reactivity of unstable 4-pyridineacetic acid 12 was studied under specific conditions. Namely, this acid which decomposes at reaction conditions was investigated via its hydrochloride 13 which was neutralized in situ. This method is described in the experimental section.
The log k values of the investigated acids in all alcohol solvents used, show a linear correlation with the corresponding values of log k for the reaction of benzoic acid with DDM at 30 ºC in the same solvents taken from the literature, 5,10,11 with correlation coefficient r in the range (0.97 -0.99) and standard deviation s (0.01 -0.07), except for 4-pyridineacetic acid (r = 0.93), (s = 0.129). Such linear free-energy intercorrelations indicate that the same solvent properties influence the reactivity of benzoic acid and the investigated acids.
Solvent effects on the rate constants for the reaction of investigated acids with DDM
Since the mechanism of the reaction involves the formation of an ion-pair intermediate one may expect the rate to increase with an increase in the polarity of the solvent. 14 The attempted correlation between the rates and dielectric constant ε, or 1/ε or the Kirkwood function 15 of dielectric constant, f(ε) = (ε r -1)/(2ε r + 1) was poor. The correlation of log k with σ*, the polar constant of the alkyl group 16 of the alcohol was satisfactory for p-supstituted phenylacetic acid (r = 0.960), for 3-pyridineacetic, 3-and 4-pyridineacetic acids N-oxide (r = 0.970), and for 4-pyridineacetic acid (r = 0.925).
Chapman et al. 17 and other autors 18 have established that the solvent effect is best interpreted and investigated by the equation
where the f(ε) is Kirkwood function, 15 σ* is Taft polar constants of alkyl group in alcohols 16 and n γH is the number of γ-hydrogen atoms in alcohols. These solvent parameters for alcohols are given in the literature. 10 Multiple linear regressions of the log k for the acids from Table I and II with f(ε), σ* and n gH in alcohol solvents are given in the following equations: 3N-pyridineacetic acid: After analyzing above equations and equations from literature 1,2,3 it could be said that influence of relative permittivity as a term of the Kirkwood function on the rate constants of benzoic and pyridine carboxylic acids is more important than in phenylacetic and pyridineacetic acids. The influence of the polarity of the solvent alkyl group, expressed by Taft polar constants σ*, appears to be the main influence on the rate of chemical reaction in alcohols. 1, 19 This is also confirmed in this work by good partial correlation with σ* only, where the correlation coefficients are satisfactory, in contrast to separate correlation with other solvent parameters, f(ε) and n γH , which were poor.
Influence of σ* is of almost the same intensity for substituents in phenylacetic and pyridineacetic acid, and substituents in benzoic and pyridine carboxylic acids so that the differences in coefficients attached to σ* for substituents in phenylacetic and pyridineacetic acids and substituents in benzoic and pyridine carboxylic acids are less than corresponding differences in coefficients attached to f(ε). The n γH term is generally needed to account for the observed rate enhancing effect of branching at the β-carbon atom of the alcohol. 19 The necessity to include it in this work was to account for the unexpectedly high values of rate constants for 2-methyl-propan-1-ol. The exclusion of n γH gives poorer regression coefficients.
The variation of substituent s constants with the solvent
In the course of the present work further information has been obtained on the solvent dependence of the σ values for 3N, 3N-O, 4N, 4N-O of pyridineacetic acids, m-OH, p-OH phenylacetic acids and p-NO 2 , p-Cl and p-CH 3 phenylacetic acids in the solvents which have not been determined in the previous work. 3 Table III shows that the Hammett equation gives an excellent correlation for the meta substituted acids in each solvent. Hammett correlations were not successful for p-substituted acids, 3 whichever of the well known sets of σ-values is used, viz., σ (Jaffe), 20 σ n (Wepster) 21 or σ 0 (Taft). 22 In Table III literature values 3 of the reaction constant ρ and log k 0 for the reaction of a series of m-substituted phenylacetic acids with DDM are given, together with the data in the alcohols, butan-1-ol, butan-2-ol, pentan-1-ol and cyclopentanol determined in the present work. These values were used for the calculation of new secondary σ m and σ p constants by using Wepster's procedure. 21 The results obtained are collected in Table IV. There are a substantial variety of the values of secondary σ constants in Table IV . This is understandable considering that the energy of the transition state has been influenced both by the solvent modified electronic effect of the substituent and by solvent effects on the stabilization of the initial vs. transition states.
It has been stated in literature 3 that para-substituents at phenylacetic acids as reflected by the corresponding secondary σ constants, irrespective of their polar nature, become more electron-attracting (or less electron-releasing) as the polarity of the solvent decreases. This is also true for the secondary σ p constants determined in the present work and presented in Table IV together with literature data. On the contrary, secondary σ values for 4N and 4N-O in pyridineacetic acids show opposite behaviour, the same as it was for 4N and 4N-O in pyridine carboxylic acids from our previous work. 1 The possible explanation for the investigated heterocyclic nuclei is that the intermolecular hydrogen bonding between pyridine nitrogen and N-oxide function with alcohol hydroxylic group suppresses the electron donating ability of both groups, and this interaction is stronger with more polar alcohols.
Jaffe 20 and Chapman 3 have suggested that polar substituents may be extensively hydrogen-bonded to solvent molecules in hydroxylic media, and variation of substituent constants with the solvent is to be expected. Reaction in water and in aqueous mixtures play an important part in establishing σ-values and it seems certain that the influence of the specific solvation of substituents by water has often been incorporated in σ-values. 3 The σ m values for OH are very close to zero, except for 2-methyl-2-butanol and benzyl alcohol, but the average value is in agreement to values previously determined for σ m OH based on the reaction ionization of 3-hydroxy benzoic acid, 20 and from vari-ous reactions where the average value of σ m OH was -0.002. 19 In alcohols, the values range from -0.1 to 0.13, i.e., giving an average value of 0.01. The hydrogen bonding between the hydroxylic group substituent and alcohol hydroxylic group has been extensively discussed in our previous paper 1 and also in literature. 19 Negative σ p values for OH group are expected, considering the electron-donating effect through the direct influence, but in this system the electron donating effects of OH group is smaller than in benzene ring and this is understandable because of suppressed direct conjugation between the substituent and reaction center. The average value for σ p OH constants, however, are in agreement with the constants from literature 20, 22 and it may be stated that those σ p OH constant could be satisfactory used for reactions in alcohol solvents.
It is interesting to note that the differences in σ m in various solvents for 3N and 4N are smaller than for 3N-O and 4N-O group. This is not surprising as this is the most polarizable group in the whole range of substituents investigated here. These results also justify the calculation of secondary σ constants for the reaction in alcohols.
Solvent effects on calculated reaction constant r in the reactions of investigated acids with DDM
Using the average values of secondary σ m , σ p (Table IV) separate ρ m for seven meta-and ρ p for six para-substituted phenylacetic acids, were calculated in twelve investigated alcohols. These results are presented in Table V , and are lower than the values of reaction constants ρ for substituted benzoic acids. It was to be expected that the susceptibility to the polar effect of substituents will be greater for the substituted benzene ring than for substituted phenylacetic acid system, due to intervening methylene group. Calculated the average attenuating efect π = ρ PhAA /ρ BA = 0.46 is in very good agreement with literature values 13, 17 for attenuating effects for meta and para substituted acids of similar structure where the values π are between 0.39 and 0.53.
The results given in the Table V shown that the ρ values are decreased by increasing the relative permittivity. This may be interpreted in two ways as have been suggested by some authors before. 20, 23 Firstly, the transmission of the polar effects of the substitutents through the medium increases in importance relative to transmission through the molecular cavity as ε r is decreased. Secondly, at high relative permittivities the energy necessary to bring about the charge separation in the transition state is relatively small, and this gives rise to a low susceptibility to the polar effects of substituents.
The ρ values thus increases as the energy necessary to achieve charge separation increases as ε r is decreased. Therefore it is reasonable to correlate ρ m and ρ p with solvent 10 parameters as was done for log k.
For the para-substituted phenylacetic acids and for para-substituted benzoic acids at 30 ºC from Table V, the following relationships were obtained for the corresponding series of acids in twelve alcohols:
-for para-substituted phenylacetic acids: For the meta-substituted phenylacetic acids at 30 ºC from Table V and In our previous work 1 and some other papers 18, 19 it has been suggested that the value associated with the σ* term has a more significant contribution to ρ than the value associated with the f(ε) term in alcohol solvents. The results obtained using multiple regression analysis with three solvent parameters, Eqs. (6) (7) (8) (9) , confirm the conclusions from our earlier paper 1 that σ* in comparison with the dielectric term, had the main influence in the solvent effects.
The correlation coefficients in relationships (6-9) are not particularly high, but are better than those from two-parameter equations. This could have been expected, considering the large number of data involved in the overall calculation, and the possibility of direct resonance conjugation in para-substituted benzoic acids.
On the basis of all information presented, it may be concluded that linear free energy relationships are applicable to kinetic data for meta-and para-substituted phenylacetic, 3-and 4-pyridineacetic acids, and for 3-and 4-pyridineacetic acids N-oxide. The multiple linear correlations with three suitable solvent parameters f(ε), σ*, n γH for both log k and ρ values were fairly successful.
EXPERIMENTAL

Materials
The acids were commercial samples or were prepared by standard methods. They were recrystallised, and had m.p.s. identical or very close to those recorded in the literature. Solvents were purified as described in the Ref. 1 All the solvents used for kinetic studies were examined by GLC and no impurities were detected.
Kinetic measurements
Rate constant k, for the reaction of investigated acids with DDM were determined as reported previously by the spectroscopic method of Roberts and his coworkers 27 using a SHIMADZU 160A spectrophotometer. Optical density measurements were performed at 525 nm with 1 cm cells at 30±0.05 ºC.
Three to five rate determinations were made on each acid and in every case the individual second-order rate constants agreed within 3 % of the mean.
The solution of 4-pyridineacetic acid hydrochloride in investigated solvents was treated with KOH in the same solvents maintaining the same concentration as above, and immediately treated with DDM. However, precipitation of KCl interfered in the initial stage of the reaction and better results were obtained if the reaction was studied as a second order process. Odre|ene su konstante brzine reakcije esterifikacije 3-i 4-piridinsir}etne kiseline, 3-i 4-piridin-N-oksid-sir}etne kiseline i nekih meta i para-supstituisanih fenilsir}etnih kiselina sa diazodifenilmetanom na 30 ºC u dvanaest alkoholnih rastvara~a. Na osnovu dobijenih konstanti brzina reakcija piridinsir}etnih kiselina i supstituisanih fenilsir}etnih kiselina izra~unate su nove sekundarne σ konstante supstituenata. Tako|e su kori{}ewem Hammett-ove jedna~ine odre|ene reakcione konstante ρ za navedene kiseline i diskutovan je efekat prigu{ewa metilenske grupe. Vi{estrukom regresionom analizom uspostavqena je zadovoqavaju}a zavisnost konstanti brzina reakcija kao i reakcione konstante ρ sa parametrima rastvara~a kao {to su: Kirkwood-ova funkcija relativne permitivnosti f(ε), Taftova σ* konstanta za alkil grupe alkohola i nγH koji predstavqa broj γ-vodonikovih atoma u alkoholu.
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